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(57) ABSTRACT 


A rotor system of a tail-sitter aerial vehicle configured to 
rotate about an axis of rotation is provided including a rotor 
hub which rotates about the axis of rotation and at least one 
rotor blade operably coupled to the rotor hub. The at least 
one rotor blade is configured to rotate about a folding axis 
between an extended position where the at least one rotor 
blade is substantially within a plane perpendicular to the axis 
of rotation and a stowed position where the rotor blade is 
arranged out of the plane of at an angle less than ninety 
degrees to the axis of rotation. 
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BLADE FOLD SYSTEM USING FLAP HINGE 


CROSS REFERENCE TO RELATED 
APPLICATIONS 


[0001] This application claims the benefit of U.S. Provi- 
sional Application Ser. No. 62/246,986, filed Oct. 27, 2015, 
the entire disclosure of which is incorporated herein by 
reference. 


BACKGROUND OF THE INVENTION 


[0002] Exemplary embodiments of the invention relate to 
an aerial vehicle, and more particularly, to a blade folding 
system for a rotor blade of a rotor system of the aerial 
vehicle. 

[0003] Various types of aerial vehicles have been devel- 
oped which are capable of vertical takeoff and landing, yet 
which also fly like an airplane. Examples of such vehicles 
include tilt-wing aircrafts, tilt-rotor aircrafts, and tail sitter 
aircrafts. These vehicles may be manned or unmanned and 
are capable of maneuvering easily in both normal airplane 
and helicopter flight modes. 

[0004] The flight capabilities of such aerial vehicles make 
them effective for a wide variety of missions; however, 
operation of aerial vehicles in certain environments may be 
limited by the overall structural envelopes thereof. The 
radial dimensions of a rotor assembly results in an aerial 
vehicle having relatively large structural envelopes which 
may impact its utility in some environments. For example, 
space on a ship or vessel is generally at a premium and the 
structural envelope of an aerial vehicle may require a 
significant allocation of such limited space. Furthermore, 
strategic and tactical considerations in the military utiliza- 
tion of aerial vehicles has led to a requirement for aerial 
vehicles having main rotor assemblies that may be readily 
reconfigured for rapid deployment, routine transport, and/or 
stowage by reducing the structural envelope. 

[0005] One way to reduce the structural envelope of aerial 
vehicles to facilitate rapid deployment, routine transport, 
stowage, and reduce the vulnerability thereof to environ- 
mental conditions is to design the rotor assembly so that the 
rotor blades fold relative to the rotor hub. However, con- 
ventional blade folding systems are cumbersome and are 
susceptible to drag, thereby decreasing the efficiency of the 
aerial vehicles in flight. 


BRIEF DESCRIPTION OF THE INVENTION 


[0006] According to one embodiment of the invention, a 
rotor system of a tail- sitter aerial vehicle configured to 
rotate about an axis of rotation is provided including a rotor 
hub which rotates about the axis of rotation and at least one 
rotor blade operably coupled to the rotor hub. The at least 
one rotor blade is configured to rotate about a folding axis 
between an extended position where the at least one rotor 
blade is substantially within a plane perpendicular to the axis 
of rotation and a stowed position where the rotor blade is 
arranged out of the plane of at an angle less than ninety 
degrees to the axis of rotation. 

[0007] In addition to one or more of the features described 
above, or as an alternative, in further embodiments the 
tail-sitter aerial vehicle is configured to switch between a 
helicopter mode for vertical takeoff and landing and also for 
flight in an airplane mode. 
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[0008] In addition to one or more of the features described 
above, or as an alternative, in further embodiments the at 
least one rotor blade is configured to move between the 
extended position and the stowed position manually. 
[0009] In addition to one or more of the features described 
above, or as an alternative, in further embodiments the at 
least one rotor blade is configured to move between the 
extended position and the stowed position automatically. 
[0010] In addition to one or more of the features described 
above, or as an alternative, in further embodiments in the 
stowed position, the rotor blade is arranged at an angle less 
than 90° to the axis of rotation. 

[0011] In addition to one or more of the features described 
above, or as an alternative, in further embodiments in the 
stowed position, the rotor blade is arranged substantially 
parallel to the axis of rotation. 

[0012] In addition to one or more of the features described 
above, or as an alternative, in further embodiments a flap- 
ping hinge is configured to couple the at least one rotor blade 
to the rotor hub. The flapping hinge has a flapping axis, 
wherein the flapping axis acts as the folding axis. 

[0013] In addition to one or more of the features described 
above, or as an alternative, in further embodiments the 
flapping hinge is positioned such that movement of the at 
least one rotor blade between the extended position and the 
stowed position does not interfere with adjacent components 
of the rotor system. 

[0014] In addition to one or more of the features described 
above, or as an alternative, in further embodiments a rotor 
hub fairing surrounds the rotor hub. A nacelle is configured 
to drive rotation of the rotor system about the axis of 
rotation. A geometry of at least one of the nacelle and rotor 
hub fairing is modified to avoid interference with the at least 
one blade in the stowed position. 

[0015] According to another embodiment, a method of 
stowing a tail-sitter aerial vehicle having a rotor system 
including a rotor hub which rotates about an axis of rotation 
and at least one roto blade mounted to the rotor hub which 
rotates in a plane substantially perpendicular to the axis of 
rotation of the rotor system, the method of stowing including 
stopping rotation of the rotor hub and folding a portion of the 
at least one rotor blade about a folding axis out of the plane 
from an extended position, which is substantially in the 
plane, to a stowed position which is substantially out of 
plane 

[0016] In addition to one or more of the features described 
above, or as an alternative, in further embodiments the 
folding axis is defined by a flapping hinge coupling the at 
least one rotor blade to the rotor hub. Another portion of the 
at least one rotor blade disposed between the rotor hub and 
the flapping hinge remains in the extended position while the 
portion of the at least one rotor blade folds about the folding 
axis from the extended position to the stowed position. 
[0017] In addition to one or more of the features described 
above, or as an alternative, in further embodiments the aerial 
vehicle is configured for vertical takeoff and landing and 
also for flight in an airplane mode. 

[0018] In addition to one or more of the features described 
above, or as an alternative, in further embodiments the at 
least one rotor blade is configured to move between the 
extended position and the stowed position manually. 
[0019] In addition to one or more of the features described 
above, or as an alternative, in further embodiments the rotor 
system includes a plurality of rotor blades and at least one 
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of the rotor blades does not move between the extended 
position and the stowed position. 

[0020] In addition to one or more of the features described 
above, or as an alternative, in further embodiments the rotor 
system includes a plurality of rotor blades and all of the rotor 
blades are configured to move between the extended posi- 
tion and the stowed position. 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0021] The subject matter, which is regarded as the inven- 
tion, is particularly pointed out and distinctly claimed in the 
claims at the conclusion of the specification. The foregoing 
and other features, and advantages of the invention are 
apparent from the following detailed description taken in 
conjunction with the accompanying drawings in which: 
[0022] FIG. 1 is a perspective view of an example of an 
aerial vehicle; 

[0023] FIG. 2 is a top plan view of another example of an 
aerial vehicle; 

[0024] FIG.3 isa front view of an aerial vehicle where the 
plurality of rotor blades is arranged in an extended configu- 
ration; 

[0025] FIG. 4 is a front view of an aerial vehicle where at 
least a portion of the plurality of rotor blades is arranged in 
a folded configuration; and 

[0026] FIG. 5 is a top plan view of the aerial vehicle of 
FIG. 4 where at least a portion of the plurality of rotor blades 
is arranged in a folded configuration. 

[0027] The detailed description explains embodiments of 
the invention, together with advantages and features, by way 
of example with reference to the drawings. 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0028] FIGS. 1-2 illustrate an example of a vertical takeoff 
and landing (VTOL) aerial vehicle 20 also configured to fly 
in an airplane mode. The aerial vehicle 20 includes a center 
body 22 having a left wing 24 and a right wing 26. Together, 
the center body 22, left wing 24, and right wing 26 form the 
airframe of the aerial vehicle 20 and define the forward 
direction of flight for the aerial vehicle 20 in the airplane 
flight mode moving substantially parallel to the ground with 
the wings 24, 26 providing lift, and defining a vertical flight 
direction for the aerial vehicle 20 in a helicopter flight mode 
moving substantially vertical relative to the ground with 
prop-rotors 30, 32 providing the lift. As shown, the vehicle 
20, also referred to as a tail-sitter, lands on its tail using 
wheels, although other mechanisms can be used to support 
the vehicle 20 while on the ground, including skids. 
[0029] The vehicle 20 takes off vertically by the prop- 
rotors 30, 32 providing the lift in the helicopter flight mode 
and is able to hover. Once sufficiently airborne, the vehicle 
20 rotates from the helicopter flight mode into the airplane 
flight mode by rotating into the direction of flight whereby 
the prop-rotors 30, 32 provide thrust and the wings 24, 26 
provide the lift. The process is reversed when transitioning 
from airplane flight mode to the helicopter flight mode to 
allow the vehicle 20 to land tail first. 

[0030] The wings 24, 26 extend outwardly from opposite 
sides of the center body 22, respectively. Although the wings 
24, 26 are illustrated as being substantially perpendicular to 
the longitudinal axis L of the center body 22, other configu- 
rations of the wings 24, 26, for example swept forward 
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wings, are within the scope of the disclosure. In the illus- 
trated, non-limiting embodiment, the aerial vehicle 20 
includes a left propeller rotor (prop-rotor) system 30 con- 
figured to rotate about a first axis of rotation A and a right 
propeller rotor system 32 configured to rotate about a second 
axis of rotation B. The left and right prop-rotors 30, 32 are 
mounted to the left and right wings 24, 26, respectively. The 
first and second rotational axes A, B may be oriented 
substantially horizontally and parallel to the longitudinal 
axis L of the airframe. Each of the prop-rotor systems 30, 32 
includes a plurality of propeller blades 34 mounted to a rotor 
hub 36 for rotation about a respective axis A, B. 

[0031] Each wing 24, 26 includes a nacelle 38 mounted 
near a spanwise center thereof. The nacelles 38 extend 
chordwise from near a trailing edge 40 of the wing 24, 26 to 
forward of the leading edge 42 of the wing 24, 26. In one 
embodiment, each nacelle 38 is oriented substantially par- 
allel to and aligned with the rotational axes of the prop-rotor 
systems 30, 32. Each of the nacelles 38 contains a gearbox 
(not shown) for coupling the nacelle 38 to the adjacent prop 
rotor 30, 32. Although a particular aerial vehicle configura- 
tion is illustrated in the disclosed embodiments, other aerial 
vehicles configured to operate in both the helicopter flight 
mode and the airplane flight mode, both manned and 
unmanned and having single or multiple engines, are within 
the scope of the disclosure. 

[0032] The rotor systems 30, 32 of the aerial vehicle 20 of 
FIGS. 1 and 2 may be fully articulated such that the blades 
34 are attached to a rotor hub 36 through a series of hinges 
that allow each blade 34 to move independently of the 
others. These hinges allow the blades to flap, feather, lead, 
or lag independently. In another embodiment, the rotor 
systems 30, 32 of the aerial vehicle 20 are semi-rigid rotor 
systems having coupled blades 34 that flap together about 
flapping hinges in an equal and opposite manner. The 
flapping hinges are rotatable about a horizontal axis and may 
be coupled to an end portion of a rotor blade 34, such as a 
flexbeam for example. Rotation of the flapping hinge about 
its horizontal axis is configured to move the rotor blade 
coupled thereto up and down to compensate for dissymme- 
try of lift. 

[0033] Referring now to FIGS. 3-5, at least one rotor blade 
34 of the one or more rotor systems 30, 32 of the aerial 
vehicle 20 is movable between an extended position (FIG. 3) 
and a stowed position (FIG. 4). The at least one rotor blade 
34 may be configured to move between the extended posi- 
tion and the stowed position either manually, or automati- 
cally, such as in response to an input provided to a controller 
of the aerial vehicle. When the rotor blades 34 are in the 
extended position, such as when the aerial vehicle 20 is in 
flight for example, the rotor blades 34 define a plane E that 
is oriented substantially perpendicular to the axis of rotation 
A, B of the rotor 30, 32. To move a blade 34 to the stowed 
position, such as when the aerial vehicle 20 is being stored 
for example, the at least one rotor blade 34 is configured to 
fold about a blade fold axis X extending substantially 
perpendicular to the axis of rotation A, B of the rotor system 
30, 32. As a result, the blade 34 is configured to rotate out 
of the plane E defined by the plurality of rotor blades 34 in 
the extended position to a position substantially parallel to 
the axis of rotation A, B or to any position there between 
(between about 0° and about 90°. 

[0034] In one embodiment, the folding axis X of the blade 
34 is defined by the axis of a flapping hinge 40 used to mount 


US 2017/0297678 Al 


the rotor blade 34 to the rotor hub 36 and provide upward 
and downward movement of the rotor blade 34. To accom- 
modate movement of the rotor blade 34 to any position 
between 0° and 90° or an even greater angle, the flapping 
hinge 40 may include a rolling element bearing, rather than 
an elastomeric bearing used in conventional rotor systems. 
In embodiments where the blade 34 is configured to fold 
about the flapping hinge 40, the rotor fairing (not shown), 
positioned around the rotor huh 36 to improve the aerody- 
namic properties thereof, and the nacelle 38 may be shaped 
to avoid interference with the blade 34 as it transforms 
between the extended and stowed positions. Alternatively, 
an additional hinge may be located inboard of the flapping 
hinge 40, such that the flapping hinge 40 is located further 
outboard relative to the rotor hub 36 compared to conven- 
tional rotor systems. By arranging the flapping hinge 40 at 
a position further away from the rotor hub 36, the blade 34 
is free to move between the extended and stowed positions 
without interference from the rotor hub fairing or nacelle 38. 
[0035] As shown, not all of the blades 34, 36 need to be 
folded into the stowed position. Specifically, where an 
overlapping one of the blades 34, 36 extends over one the 
wings 24, 26, the overlapping blade is not lowered into the 
stowed position whereas the remaining blades 34, 36 are 
lowered into the stowed position. However, in other aspects 
of the invention, all of the blades 34, 36 are lowered into the 
stowed position. 

[0036] A rotor system having folding capability provided 
by existing components allow for movement of the blade 34 
between an extended and stowed position without compro- 
mising the structural integrity or tuning of the blade 34. 
Because the folding hardware is positioned generally within 
the rotor hub fairing and not in the airstream, the complexity 
and drag of the folding system is reduced compared to 
conventional systems. 

[0037] While the invention has been described in detail in 
connection with only a limited number of embodiments, it 
should be readily understood that the invention is not limited 
to such disclosed embodiments. Rather, the invention can be 
modified to incorporate any number of variations, altera- 
tions, substitutions or equivalent arrangements not hereto- 
fore described, but which are commensurate with the spirit 
and scope of the invention. Additionally, while various 
embodiments of the invention have been described, it is to 
be understood that aspects of the invention may include only 
some of the described embodiments. Accordingly, the inven- 
tion is not to be seen as limited by the foregoing description, 
but is only limited by the scope of the appended claims. 

What is claimed is: 

1. A rotor system of a tail-sitter vehicle configured to 
rotate about an axis of rotation, comprising: 

a rotor hub which rotates about the axis of rotation; 

at least one rotor blade operably coupled to the rotor hub, 

the at least one rotor blade being configured to rotate 
about a folding axis between an extended position 
where the at least one rotor blade is substantially within 
a plane perpendicular to the axis of rotation, and a 
stowed position where the rotor blade is arranged out of 
the plane at an angle less than 90° to the axis of 
rotation. 

2. The rotor system according to claim 1, wherein the 
tail-sitter vehicle is configured to switch between a helicop- 
ter mode for vertical takeoff and landing when in a helicop- 
ter mode, and for flight in an airplane mode. 


Oct. 19, 2017 


3. The rotor system according to claim 1, wherein the at 
least one rotor blade is configured to move between the 
extended position and the stowed position manually. 


4. The rotor system according to claim 1, wherein the at 
least one rotor blade is configured to move between the 
extended position and the stowed position automatically. 


5. The rotor system according to claim 1, wherein in the 
stowed position, the rotor blade is arranged at an angle less 
than 90° to the axis of rotation. 


6. The rotor system according to claim 1, wherein in the 
stowed position, the rotor blade is arranged substantially 
parallel to the axis of rotation. 


7. The rotor system according to claim 1, further com- 
prising a flapping hinge configured to couple the at least one 
rotor blade to the rotor hub, the flapping hinge having a 
flapping axis, wherein the flapping axis acts as the folding 
axis. 


8. The rotor system according to claim 7, wherein the 
flapping hinge is positioned such that movement of the at 
least one rotor blade between the extended position and the 
stowed position does not interfere with adjacent components 
of the rotor system. 


9. The rotor system according to claim 7, further com- 
prising: 
a rotor hub fairing surrounding the rotor hub; and 


a nacelle configured to drive rotation of the rotor system 
about the axis of rotation, wherein a geometry of at 
least one of the nacelle and rotor hub fairing is modified 
to avoid interference with the at least one blade in the 
stowed position. 


10. A method of stowing a tail-sitter aerial vehicle having 
a rotor system including a rotor hub which rotates about an 
axis of rotation and at least one rotor blade mounted to the 
rotor hub which rotates in a plane substantially perpendicu- 
lar to the axis of rotation of the rotor system, the method of 
stowing comprising: 

stopping a rotation of the rotor hub; and 


folding a portion of the at least one rotor blade about a 
folding axis out of the plane from an extended position 
which is substantially in the plane to a stowed position 
which is substantially out of the plane. 


11. The method according to claim 10, wherein the 
folding axis is defined by a flapping hinge coupling the at 
least one rotor blade to the rotor hub, wherein another 
portion of the at least one rotor blade disposed between the 
rotor hub and the flapping hinge remains in the extended 
position while the portion of the at least one rotor blade folds 
about the folding axis from the extended position to the 
stowed position. 


12. The method according to claim 11, wherein the aerial 
vehicle is configured for vertical takeoff and landing and 
also for flight in an airplane mode. 


13. The method according to claim 10, wherein the at least 
one rotor blade is configured to move between the extended 
position and the stowed position manually. 


14. The method according to claim 10, wherein the rotor 
system includes a plurality of rotor blades and at least one 
of the rotor blades does not move between the extended 
position and the stowed position while remaining ones of the 
blades do move between the extended position and the 
stowed position. 
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15. The method according to claim 10, wherein the rotor 
system includes a plurality of rotor blades and all of the rotor 
blades are configured to move between the extended posi- 
tion and the stowed position. 


* * * * * 
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